Characterization of novel human leukemic cell lines selected for resistance to merbarone, a catalytic inhibitor of DNA topoisomerase II.
Merbarone is a catalytic inhibitor of DNA topoisomerase (topo) II that does not stabilize DNA-topo II cleavable complexes. Although the cytotoxicity of and resistance to complex-stabilizing topo II inhibitors, such as etoposide, is thought to be mediated through stabilization of these complexes, the mechanisms of cytotoxicity and resistance to catalytic inhibitors are not well known. To investigate this issue, we established 12 merbarone-resistant cell lines from human leukemia CEM cells, designated CEM/M70-B1 through -B12. Assessed by either growth inhibition or clonogenic assay, these cell lines are 3.5- to 6.6-fold resistant to merbarone, compared to the CEM parent cells. Karyotype analysis of three of the cell lines revealed that while CEM and drug-resistant cell lines had chromosome abnormalities in common, indicating a common origin, two of the merbarone-resistant lines (B1 and B8) each had unique structural markers. These novel cell lines are cross-resistant to complex-stabilizing topo II inhibitors, etoposide, teniposide, amsacrine, and doxorubicin, but not to other catalytic inhibitors, aclarubicin or SN-22995. Of considerable interest, these cell lines are cross-resistant to SN-38, a putative topo I inhibitor, but cross-resistance to other topo I inhibitors (camptothecin and topotecan) was lower and not seen in every cell line. In all 12 cell lines, there was a high correlation among drug resistance ratios between etoposide and teniposide and between merbarone and SN-38. By contrast, there was a low correlation between merbarone and etoposide and between SN-38 and other topo I inhibitors. These results suggest that resistance to merbarone and cross-resistance to etoposide might be through different mechanisms, whereas cross-resistance to SN-38 might be through a merbarone-related mechanism. Etoposide and SN-38 stabilized fewer DNA-topoisomerase complexes in CEM/M70-B cells than in CEM cells, but camptothecin stabilized more. Merbarone inhibited complex formation induced by etoposide in drug-sensitive and -resistant cells, but the degree of inhibition was lower in CEM/M70-B cells than in the parental cells. Moreover, merbarone did not affect complex formation stabilized by SN-38 or camptothecin. Immunoblot analysis of the CEM/M70-B cells showed decreased topo IIalpha, increased topo IIbeta, and no change of topo I protein, compared to CEM cells. We propose the hypothesis that decreased topo IIalpha may play a role in the resistance to merbarone that is different from that to complex-stabilizing drugs. Cross-resistance to catalytic inhibitors may be due to reduced complex formation as a consequence of decreased topo IIalpha. We also found that DNA-protein complexes stabilized by SN-38 might be different from those stabilized by topo II inhibitors and blocked by merbarone. Judging from both the high correlation of drug sensitivities and complex-formation assays, we postulate that mechanisms of cytotoxicity and cross-resistance of SN-38 in CEM/M70-B cells might be similar to those of merbarone. We believe that the CEM/M70-B cells are the first to be selected and characterized for resistance to a catalytic inhibitor of topo II. This study provides novel cell lines with characteristics of resistances to topo II and topo I inhibitors.